Abstract. This is the first paper of a series aimed at studying the chromosphere of active binary systems using the information provided for several optical spectroscopic features. Simultaneous Hα, Na i D 1 , D 2 , and He i D 3 spectroscopic observations are reported here for 18 systems. The chromospheric contribution in these lines have been determined using the spectral subtraction technique. Very broad wings have been found in the subtracted Hα profile of some of the more active stars. These profiles are well matched using a two-components Gaussian fit (narrow and broad) and the broad component could be interpreted as arising from microflaring. Prominence-like extended material have been detected in a near-eclipse Hα observation of the system AR Lac. The excess emission found in the Na i D 1 and D 2 lines by application of the spectral subtraction technique and the behaviour of the Hα line in the corresponding simultaneous observations indicate that the filling-in of the core of these lines is a chromospheric activity indicator. For giant stars of the sample the He i D 3 line has been detected in absorption in the subtracted spectra. An optical flare has been detected in UX Ari and II Peg through the presence of the He i D 3 in emission in coincidence with the enhancement of the Hα emission.
Introduction
The chromospherically active binaries are detached binary systems with cool components characterized by strong chromospheric, transition region, and coronal activity. The RS CVn systems have at least one cool evolved component whereas both components of the BY Dra binaries are main sequence stars (Fekel et al. 1986) .
In this series of papers we try to study the chromosphere of this kind of extremely active stars using the information provided by several optical spectroscopic features that could be used as chromospheric activity indicators. The simultaneous observations of different lines, that are formed at different height in the chromosphere (from the region of temperature minimum to the higher chromosphere), are of special interest for stellar activity studies since they provide very useful information about this stellar region. Ideally, simultaneous observations should be performed at all wavelengths in order to develop a coherent 3-D atmosphere model. In practice, simultaneous observations of several activity indicators are rare and tend to focus on the same small number of extremely active systems.
The best way to obtain the active-chromosphere contribution to some spectral line in the chromospherically active binaries is to subtract the underlying photospheric contribution using the spectral subtraction technique (subtraction of a synthesized stellar spectrum constructed from artificially rotationally broadened, radialvelocity shifted, and weighted spectra of inactive stars chosen to match the spectral types and luminosity classes of both components of the active system under consideration).
The emissions in the Ca ii H & K resonance lines are the most widely used optical indicators of chromospheric activity, since their source functions are collisionally controlled and represent an extremely important cooling mechanism. In chromospheric active binaries the subtraction of the photospheric flux in this spectral region has been recently applied using the spectral subtraction (see Montes et al. 1995c, 1996a and references therein) .
The Hα line is also an important chromospheric activity indicator, but it is only in emission above the continuum in very active stars, and in less active star only a filled-in absorption line is observed. So, to infer chromospheric activity level the spectral subtraction is needed (see Montes et al. 1994; 1995a,b,d , and references therein; Lázaro & Arévalo 1997) . A similar behaviour is observed in the other Balmer lines (Hall & Ramsey 1992; Montes et al. 1995d) .
Recently, the spectral subtraction technique has been used in other lines as the Ca ii IRT, Mg i b, Na i D 1 , D 2 , and He i D 3 lines . The Ca ii IRT lines are formed deeper in the atmosphere and are thus sensitive probes of the temperature minimum region. The Na i D 1 , D 2 lines are collision dominated and are good indicators of changes in the lower chromosphere. The Mg i b triplet lines are formed in the lower chromosphere and the region of temperature minimum and they are good diagnostics of photospheric activity (Basri et al. 1989) . The He i D 3 line has been largely ignored as activity indicator; however it could be a valuable probe of stellar activity and the observation of this line in emission supports the detection of flare like events (Zirin 1988) .
In this first paper we focus our study on the analysis of the extensively used Hα chromospheric activity indicator together with simultaneous observations of the less studied He i D 3 and Na i D 1 , D 2 spectral features in a sample of 18 northern active binary systems selected from "A Catalog of Chromospherically Active Binary Stars (second edition)" (Strassmeier et al. 1993, hereafter CABS) . By using the spectral subtraction technique, we have determined the excess emission in these lines and we have computed absolute chromospheric fluxes in Hα. The primary aim of this study is analyse in detail the excess Hα emission and to study the subtracted Hα line profile, especially in some extremely active stars which exhibit broad wings. Moreover, we try to understand the behaviour of the He i D 3 and Na i D 1 , D 2 lines as chromospheric activity indicators taking into account the advantage that we simultaneously know the behaviour of the chromospheric excess Hα emission in these systems. In forthcoming papers we will analyze in detail several optical spectroscopic features using echelle spectroscopy in order to determine the effects of stellar activity on spectral lines originating at different heights in the chromosphere. Another of our goals is to obtain information about the presence of extended matter (prominence-like structures) in the chromospheric active binaries using simultaneous Hα and Hβ observations at near-eclipse orbital phases.
In Sect. 2 we give the details of our observations and data reduction. In Sect. 3 we describe the individual results of Hα, Na i D 1 , D 2 , and He i D 3 line observations of our sample. Finally in Sect. 4 we discuss our results.
Observations and data reduction
Observations in the Hα and Na i D 1 , D 2 , He i D 3 line regions have been obtained during three nights (1995 September 13-15) with the Isaac Newton Telescope (INT) at the Observatorio del Roque de Los Muchachos (La Palma, Spain) using the Intermediate Dispersion Spectrograph (IDS) with grating H1800V, camera 500 and a 1024×1024 pixel TEK3 CCD as detector. The reciprocal dispersion achieved is 0.24Å/pixel which yields a spectral resolution of 0.48Å and a useful wavelength range of 250Å centered at 6563Å (Hα) and 5876Å (Hei D 3 ) respectively.
The spectra have been extracted using the standard reduction procedures in the IRAF package (bias subtraction, flat-field division, and optimal extraction of the spectra). The wavelength calibration was obtained by taking spectra of a Cu-Ar lamp. Finally, the spectra have been normalized by a polynomial fit to the observed continuum.
In Table 1 we give the observing log. For each star we list the date, UT, orbital phase (ϕ) and signal to noise ratio (S/N ) obtained for each observation in both spectral regions. Where appropriate, we also give the reference of our previous observation of these systems in the Hα and Ca ii H & K lines.
In Table 2 we show the HD number, name and the adopted stellar parameters (from CABS or the references given in the table) for the 18 chromospherically active binary systems selected.
We have obtained the chromospheric contribution in Hα Na i D 1 , D 2 , and He i D 3 lines using the spectral subtraction technique described in detail by Montes et al. (1995a,c) .
The synthesized spectra were constructed using artificially rotationally broadened, radial-velocity shifted, and weighted spectra of inactive stars chosen to match the spectral types and luminosity classes of both components of the active system under consideration. The reference stars used have been observed in this campaign and previous observational seasons with similar spectral resolution (see the spectral library of Montes et al. 1997) .
In some case, the difference spectrum obtained appears noisier than expected from the observation S/N ratio (≈ 300) due to small differences in spectral type between active and reference star, or to non appropriate evaluation of the rotational broadening and/or of the Doppler shift. In addition, in some spectra telluric lines also appear in the difference spectrum. This noise in the the difference spectrum have been evaluated as the mean standard deviation (σ) in the regions outside the chromospheric features. We have obtained values of σ in the range 0.01 − 0.03 which could be important in low active star but in the more active stars the errors in the excess Hα EW are small. We have considered as a clear detection of excess emission or absorption in Hα, Na i D 1 , D 2 , and He i D 3 only when these features in the difference spectrum are larger than 3 σ. Table 3 gives the Hα line parameters, measured in the observed and subtracted spectra of the sample. Column (2) of this Table gives the orbital phase (ϕ) for each spectrum, and in Col. (3), H and C mean emission belonging to hot and cool component respectively, and T means that at these phases the spectral features cannot be deblended.
Column (4) gives the contributions for the hot and cool component to the total continuum (S H and S C ). Column (5) describes the observed Hα profile, i.e. if the line is in absorption (A) in emission (E) or totally filled by emission (F ). Columns (6), (7), (8) give the following parameters measured in the observed spectrum: the full width at half maximum (W obs ); the residual intensity, R c ; and the Hα core flux, F (1.7Å), measured as the residual area below Fekel (1996) .
the central 1.7Å passband. The last four Columns give he following parameters measured in the subtracted spectrum: the full width at half maximum (W sub ), the peak emission intensity (I), the excess Hα emission equivalent width (EW ( Hα)), and absolute fluxes at the stellar surface logF S (Hα) obtained with the calibration of Pasquini & Pallavicini (1991) as a function of (V − R), very similar values of F S (Hα) are obtained using the more recently calibration of Hall (1996) as a function of (V − R) and (B − V ). For a more detailed description of the parameters given in this table see our previous study of the excess Hα emission in active binaries (Montes et al. 1995a ).
In Table 4 we list the parameters (I, F W HM, EW ) of the broad and narrow components used in the two Gaussian components fit to the Hα subtracted emission profile, which we have performed in the stars that present broad wings. See the comments for each individual star in Sect. 3 and the interpretation of these components given in Sect. 4.
Individual results
In the following we describe the Hα, Na i D 1 , D 2 , and He i D 3 spectra of the stars of this sample. The line profiles of each chromospherically active binary system are displayed in Figs. 1 to 19 The name of the star, the orbital phase, and the expected positions of the features for the hot (H) and cool (C) components are given in each figure. For each system we plot the observed spectrum (solid-line), the synthesized spectrum (dashed-line), the subtracted spectrum, additively offset for better display (dotted line) and the Gaussian fit to the subtracted spectrum (dotted-dashed line).
BD Cet (HD 1833)
Single-lined spectroscopic binary classified as K1III + F by Bidelman & MacConnell (1973) . It presents strong Ca ii H & K emission lines centered at the absorption line (Montes et al. 1995c ) and the Hα line as moderate absorption (Fekel et al. 1986 ).
We have obtained one spectrum of this system at the orbital phase 0.569 (see Fig. 1 ). The Hα subtracted spectrum shows a weak excess emission. In the Na i line region no detectable filling-in of the D 1 and D 2 lines is present. A clear absorption in the He i D 3 line appears in the subtracted spectrum. In both spectral regions the spectrum is matched using a K2III as reference star.
AY Cet (39 Cet, HD 7672, HR 373)
AY Cet is a single-lined binary composed of a spotted G5III primary and a white dwarf secondary. It presents strong Ca ii H & K emission lines (Montes et al. 1995c ) and a filled in absorption Hα line (Fekel et al. 1986; Strassmeier et al. 1990 ).
We present here one observation of this system at the orbital phase 0.797 (see Fig. 2 ). In the Hα line region we have used a G8III reference star to perform the spectral subtraction and the subtracted spectrum obtained shows a weak excess emission. No detectable filling-in of the Na i D 1 and D 2 lines has been found, however, a weak absorption in the He i D 3 line appears in the subtracted spectrum.
AR Psc (HD 8357)
This extremely active RS Cvn system is a double-lined spectroscopic binary consisting of a K1IV primary and Fig. 1 . Hα, Na i D1, D2, and He i D3 spectra of BD Cet Fig. 2 . Hα, Na i D1, D2, and He i D3 spectra of AY Cet a G7V secondary (Fekel 1996) . In our previous observations of this system we have found strong Ca ii H & K and H emissions from the cool component (FFMCC), the Hα line of the active component in emission above the continuum (FFMCC and Montes et al. 1995a, b) and an important filling-in by chromospheric emission in the Hβ line (Montes et al. 1995d ).
Now we have analysed four spectra of this system in both spectral regions at the orbital phases from 0.37 to 0.52 (see Fig. 3 ). The Hα line of the active component appears in emission above the continuum, with a profile that changes with the orbital phase owing to the different amounts of overlapping with the absorption of the other component. By subtracting the synthesized spectrum, constructed with G6IV and K0IV reference stars and a relative contribution of 0.2/0.8 we have found a large excess Hα emission which is well matched using a two-components Gaussian fit. In the Na i D 1 and D 2 lines an important excess emission is present in the subtracted spectra, however, the He i D 3 line does not appear in absorption.
HD 12545 (XX Tri, BD +34 363)
This extremely active RS CVn binary is a single-lined spectroscopic binary of spectral type K0III. It has very strong Ca ii H & K and H emission lines and the Hα line in emission above the continuum (Strassmeier et al. 1990; Bopp et al. 1993; Montes et al. 1995c ). This system shows the largest amplitude of light variation from spots yet recorded (Hampton et al. 1996) .
Our observed Hα spectrum at the orbital phase 0.401 (Fig. 4) shows a strong and very broad Hα emission above the continuum. The synthesized spectrum has been constructed with a reference star of spectral type K0III obtaining a satisfactory fit. The subtracted spectrum exhibits an asymmetric profile that is not well matched using a Gaussian fit, therefore we fit the profile by means two Gaussian components. In the Na i line region a clear excess emission in the D 1 and D 2 lines is present, in agreement with the strong activity of this system. The behaviour of the He i D 3 line is not clear in this spectrum, but a weak absorption seems to appear. The description of the simultaneous Hα, Na i D 1 , D 2 , and He i D 3 observations and the detection of a flare on this system can be found in Montes et al. (1996b) .
V711 Tau (HR 1099, HD 22468)
V711 Tau, one of the most active of the RS CVn binaries, is a double-lined spectroscopic binary whose components have spectral types G5IV and K1IV. Our Ca ii H & K analysis of this system (FFMCC) showed that both components present emissions. The cool component is the more active star in the system, and also presents the H line in emission. This system shows the Hα line in emission above the continuum and the spectral subtraction (Montes et al. 1995b ) reveals that the K1 star is responsible for most of the excess Hα emission. Recently UV observations obtained with the HST's GHRS (Wood et al. 1996; Dempsey et al. 1996b,c) indicate that the transition region lines of V711 Tau are emitted almost entirely by the K1 star, and the G star contributes 14% to the chromospheric Mg ii h & k lines flux.
We report here five new observations of this systems in the Hα line region at the orbital phases 0. 92, 0.26, 0.28, 0.61 and 0.64 (1995 September 13-15 ) (see Fig. 5 ) that confirm the results obtained in our previous observations taken in 1988, 1986 and 1992 . The Hα subtracted profiles presents at all the epochs broad wings and are not well matched using a single-Gaussian fit. These profiles have therefore been fitted using two Gaussian components. The parameters of the broad and narrow components used in the two-Gaussian fit are given in Table 4 and the corresponding profiles are plotted in Fig. 6 . In contrast to the behaviour found in other systems in which we have used a two-Gaussian fit, the broad component of V711 Tau dominates the line profile (the average contribution of the broad component to the total Hα EW is 77%, whereas in other stars the contribution ranges between 35% and Wood et al. (1996) and Dempsey et al. (1996c) also found this behaviour in the broad component of the chromospheric and transition region lines of V711 Tau in comparison with the broad components found in the less active stars AU Mic and Capella.
In Fig. 6 we can also see that, the contribution of the broad component is larger at orbital phases near 0.2 (80 − 87%) than at larger orbital phases (63 − 72%) and this behaviour remains at different epochs (see Fig. 6 ). These changes indicate not only that the broad component is the result of microflaring in the chromosphere, as in other stars, but that large and long-lived chromospheric flares, that take place in this system (Dempsey et al. 1996c) , could also produced enhanced emission in the extended line wings.
Variable excess emission appears in the Na i D 1 and D 2 lines of the corresponding subtracted spectra, however, no detectable absorption is observed in the He i D 3 line.
V833 Tau (HD 283750)
V833 Tau is a BY Dra system (dK5e) and one of the hottest known flare stars. In our previous observations of this system we have found a moderate Hα emission above the continuum that presents a variable little central selfreversal (Montes et al. 1995a,b) and a strong Hβ excess emission (Montes et al. 1995d) .
We analyse here three new observations of this systems in the Hα line region at orbital phases 0.762, 0.319, and 0.851 (Fig. 7) that confirm the behaviour previously noted. The self-reversal feature changes its wavelengthposition across the emission Hα line profile, however, it The Na i D 1 and D 2 lines exhibit very broad wings in the observed spectra, as correspond to a star of spectral type as later as K5. Although the observed and synthesized spectra are not well matches, due to problems in the normalization, a clear excess emission in the D 1 and D 2 lines can be seen in the subtracted spectra. The He i D 3 line is not detected in this star.
V1149 Ori (HD 37824)
A single-lined spectroscopic binary classified as K1III. Our previous observations reveal a clear excess Hα emission (Montes et al. 1995a,b) , strong Ca ii H & K and H emission lines (Montes et al. 1995c ).
We present here one spectrum at the orbital phase 0.439 (see Fig. 8 ). The difference with respect to a K0III reference star reveals a lower excess Hα emission than the obtained in our previous observations in 1992 (Montes et al. 1995a ). The narrow absorption that appears in the red wing of the excess Hα emission in the subtracted spectra could be attributed to a telluric line.
The spectral subtraction reveals that this star has no measurable filling-in of the Na i D 1 and D 2 lines. However, a clear absorption in the He i D 3 line appears in the subtracted spectrum.
MM Her (HD 341475)
Double-lined spectroscopic binary (G2/K0IV) with partial eclipses. This system has Ca ii H & K emission lines from both components and excess Hα emission from the cool component (FFMCC, Montes et al. 1995a) .
We have obtained three new spectra (Fig. 9 ) of this system in the Hα and Na i D 1 and D 2 line regions at orbital phases 0.498, 0.630, and 0.745. At phase 0.498 the hot component hides a 0.30 fraction of the cool one, (see Fig. 11 . Hα, Na i D1, D2, and He i D3 spectra of BY Dra. In the subtracted Hα spectra we have superposed the Gaussian fit used to deblend the contribution of the hot and cool components Fig. 12 . Hα, Na i D1, D2, and He i D3 spectra of V775 Her the diagram of Fig. 9 ) and the absorption lines from both components appear overlapped in the observed spectrum. However, at phases 0.630 and 0.745 there is not eclipse and the lines are clearly wavelength-shifted. The more intense Hα absorption observed in these spectra corresponds to the hot component and the less intense and blue-shifted absorption corresponds to the cool one. The spectral subtraction, using G2IV and K0IV as reference stars and a relative contribution of 0.5/0.5, indicates that the excess Hα emission arises only from the cool component. The excess Hα emission line profiles obtained are well matched using a two-component Gaussian fit.
In the subtracted spectra of the Na i D 1 and D 2 lines region we can also see an excess emission in these lines from the cool component. The narrow absorption that appears near the position of the hot component could be due to deficient sky correction in these spectra. The He i D 3 line is not present. 
V815 Her (HD 166181)
Single-lined spectroscopic binary. Our previous Ca ii H & K and Hα observations (FFMCC, Montes et al. 1995a) indicate that the hot star is the active component. Multiwavelength observations of this system have been recently reported by Dempsey et al. (1996a) .
We have taken three spectra of this system at orbital phases 0.978, 0.520, 0.099 (see Fig. 10 ). In the Hα line region the spectra show a filling-in absorption line with noticeable night to night changes. The excess Hα emission obtained with the spectral subtraction of a G5 V reference star is larger at the orbital phases near to 0.0. The subtracted Hα profile presents broad wings and is well matched using a fit with two Gaussian components (narrow and broad). The narrow component is more important when the excess Hα emission is larger (see Table 4 ).
A small filling-in is observed in the Na i D 1 and D 2 lines at the three orbital phases, and only at phase 0.523 absorption in detected in the He i D 3 line.
BY Dra (HD 234677)
The prototype of the BY Dra stars. Our previous Ca ii H & K observations of this system (FFMCC) clearly show that both components are active with the hot component having the stronger Ca ii emission. The two components also show H in emission.
We present in this paper simultaneous Hα and Na i D 1 and D 2 observations of this system at orbital phases 0.684 and 0.839 (see Fig. 11 ). These spectra show strong Hα emission above the continuum and the Na i D 1 and D 2 lines with very broad wings corresponding to the later spectral type of the components of this system (K4V/K7.5V).
By applying the spectral subtraction technique we have obtained an asymmetric excess Hα emission line profile which has contributions from both components. A twoGaussian fit has been used to deblend the contribution of the hot and cool components to the line profile. This fit reveals that the hot component have the stronger excess Hα emission EW in agreement with the behaviour observed by us in the Ca ii H & K lines.
The subtracted spectra in the Na i D 1 and D 2 line region reveal that the excess emission in these lines also arises from both components. The He i D 3 line is not detected in these spectra.
V775 Her (HD 175742)
Single-lined spectroscopic binary (K0V/[K5 − M2V]) with strong Ca ii H & K emission lines from the hot component (FFMCC). The Hα feature may change from a weak absorption feature to emission above the continuum on times scales of hours (Xuefu & Huisong 1984) .
In our Hα spectrum at the orbital phase 0.394 (Fig. 12 ) we can see the Hα line of the hot component totally filledin by emission and a small emission bump red-shifted in relation to the absorption lines. By subtracting the synthesized spectrum, constructed with a K0IV reference star, we have obtained a strong excess Hα emission coming from the hot component and a small excess emission, red-shifted 1.9Å with respect to the emission of the hot component. This small excess perhaps could be attributed to the cooler star of the system, whose assumed spectral type is K5−M2V and whose contribution to the observed spectra is negligible.
In the Na i lines region the spectral subtraction points out a filling-in of the D 1 and D 2 lines and not detectable absorption in the He i D 3 line.
V478 Lyr (HD 178450)
This BY Dra system is a single-lined spectroscopic binary with strong Ca ii H & K emissions from the hot component (FFMCC) and a filled-in Hα absorption line (Fekel 1988) .
The Hα spectrum of this system exhibits a strong filling-in absorption line (see Fig. 13 ). By subtracting the synthesized spectrum constructed with a G8V star we have obtained strong excess Hα emission, a small excess emission in the Na i D 1 and D 2 lines and a clear absorption in the He i D 3 line.
HK Lac (HD 209813)
HK Lac is a single-lined spectroscopic binary (F1V/K0III) with very strong Ca ii H & K emissions, the H line in emission and an important excess Hα emission (FFMCC; Montes et al. 1995a) .
This system shows a very variable Hα profile (from filled-in absorption to moderate emission) and flares (see Catalano & Frasca 1994) . However, in our six Hα spectra taken in three consecutive nights, with orbital phases from 0.067 to 0.153, we always observe filled-in absorption line with small night to night variations in the excess Hα emission from the cool component. In Fig. 14 a spectrum of each night is showed.
The observed spectra are well matched using a K0III as reference star. The subtracted spectra show an important excess emission in the Na i D 1 and D 2 lines and a clear absorption in the He i D 3 line.
AR Lac (HD 210334)
The total eclipsing binary AR Lac is one of the best studied RS CVn systems. Both components of the system (G2IV/K0IV) are active (CABS), however, due to the orbital phase, in our previous Ca ii H & K and Hα observations (FFMCC) it was not possible to separate the contribution from each component.
We analyse here Hα observations of this system at three orbital phases. In Fig. 15 we have superimposed to each spectrum the corresponding geometrical position of Fig. 15 . Hα, Na i D1, D2, and He i D3 spectra of AR Lac Fig. 16 . Hα, Na i D1, D2, and He i D3 spectra of KZ And Fig. 17 . Hα, Na i D1, D2, and He i D3 spectra of KT Peg the cool and hot components. At orbital phase 0.405 there is not eclipse and the subtracted spectrum exhibits excess Hα emission from both components, being a slightly larger that corresponding to the cool one. At phase 0.425 the hot component hides a 4% of the cool one and the excess emission obtained is now slightly larger in the hot component. This change in the excess emission observed in both components could be attributed to the hot component hiding of prominence-like material or other active regions responsible for the Hα emission of the cool component.
In the observation at the orbital phase 0.939, when a 33% of the hot component is hidden by the cool component, we detect an excess Hα absorption located at the wavelength position corresponding to the hot component. This excess absorption indicates the presence of prominence-like extended material seen off the limb of the cool component that absorbs the photospheric continuum radiation of the star behind. Similar prominence-like structures have been found in other eclipsing RS CVn systems (see Hall & Ramsey 1992) and recently, Siarkowski et al. (1996) have found geometrically extended structures in the corona of AR Lac.
At these three orbital phases the Na i D 1 and D 2 lines also present excess emissions from both components and Fig. 18 . Hα, Na i D1, D2, and He i D3 spectra of II Peg the He i D 3 shows absorption features in the subtracted spectra. At orbital phase 0.933 the He i D 3 line presents a large excess absorption at the wavelength position corresponding to the hot component, which could also be attributed to the prominence-like material.
KZ And (HD 218738)
KZ And is the component B of the visual pair ADS 16557, and is a double-lined spectroscopic binary with spectral types dK2/dK2. This system presents Ca ii H & K and H emissions and excess Hβ emission from both components (FFMCC, Montes et al. 1995c,d) . By applying the spectral subtraction technique we have found that also both components present excess emission in the Hα line and in the in the Na i D 1 and D 2 lines, with very similar intensities (see Fig. 16 ). The He i D 3 line is not present in the subtracted spectrum. The synthesized spectrum has been constructed with two K2V stars and with a contribution of each component to the total continuum of 0.58/0.42.
KT Peg (HD 222317)
This system is a double-lined spectroscopic binary (G5V/K6V) with small Ca ii H & K emissions from both components (Montes et al. 1995c) .
We analyse here two spectra at the orbital phases 0.693 and 0.024 (see Fig. 17 ). We have constructed the synthesized spectrum with two reference stars of spectral types G2IV and K3V taking into account that the hot component has the larger contribution to the continuum. In both subtracted spectra no detectable excess emission is observed in the Hα line nor in the Na i D 1 and D 2 lines. The He i D 3 line appears in absorption.
II Peg (HD 224085)
This is a single-lined spectroscopic binary (K2 − 3V − IV) with strong Ca ii H & K emission lines and variable Hα emission above the continuum. We have reported a strong excess emission in the Hβ line (Montes et al. 1995d ).
We present here eight spectra of this system taken in three consecutive nights and with orbital phases ranging from 0.58 to 0.91. The strong Hα emission present in the subtracted spectra in all the phases shows remarkable night to night changes (see Fig. 18 ). In the second night the spectrum at orbital phase 0.760 shows a remarkable excess Hα emission enhancement with regard to the other phases, which is much more noticeable in comparison with the spectra of the first and third nights. The excess Hα emission EW increases in a factor of 1.9 in an interval of 1 day. This fact suggests that we have detected a flare since enhancements of this amount during flares are typical of chromospheric emission lines (Simon et al. 1980; Catalano & Frasca 1994) and has also been observed by us in the flare detected in UX Ari (Montes et al. 1996b) .
The He i D 3 line appears in emission in the observed spectrum only at orbital phase 0.760 (see Fig. 18 ) corresponding to the increase of the emission observed in the Hα line. This fact supports the detection of a flarelike event, since in the Sun the He i D 3 line appears as absorption in plage and weak flares and as emission in strong flares (Zirin 1988) . At the other orbital phases of the first and second night an small emission in He i D 3 is also present in the subtracted spectrum. However, in the third night where the Hα EW present the lower values the He i D 3 emission is not observed. The subtracted spectra show that the Hα profile presents broad wings, which are much more remarkable in the flare spectrum. In Fig. 19 we have represented the subtracted spectrum at phases 0.587, 0.749, 0.760 and 0.890 and the corresponding narrow and broad components used to perform the two-component Gaussian fit.
The changes in the EW (Hα) and F W HM(Hα) of the total subtracted spectra and of the corresponding narrow and broad components during the three nights can be seen in Fig. 20 . Note the strong change in the F W HM of the broad component during the flare.
Discussion

The excess Hα emission
The inspection of the subtracted Hα spectra shows that in some stars the emission line profile has very broad wings, and is not well matched using a single-Gaussian fit. These profiles have therefore been fitted using two Gaussian components: a narrow component having a F W HM of 45− 90 km s −1 and a broad component with a F W HM ranging from 133 to 470 km s −1 . In Table 4 we list the parameters (I, F W HM, EW ) of the broad and narrow components. As can be seen in this table the average contribution of the broad component to the total EW of the line ranges from 35% in AR Psc to 77% in V711 Tau. We have observed this behaviour in the chromospheric Hα line only in the most active systems of the sample, the stars with intense Hα emission above the continuum (AR Psc, XX Tri, UX Ari, V711 Tau (Fig. 6 ), II Peg (Fig. 19) ) and also in systems with important excess Hα emission (MM Her, V815 Her, HK Lac). Furthermore, a revision of the Hα spectra of a large sample of chromospherically active binaries previously analysed by us (Montes et al. 1995a,b) indicates that the very active systems DM UMa and VV Mon also have broad components and that some systems also studied in this paper (V711 Tau, V815 Her, HK Lac) exhibit this behaviour at different epochs.
This parameterization of the subtracted Hα profile using a narrow and a broad component have been only reported until now for the RS CVn system DM UMa by Hatzes (1995) who suggests that the broad component could result from large-scale motions or winds in the chromosphere. Similar broad components have also been found in several transition region lines of the dM0e star AU Mic and the RS CVn systems Capella and V711 Tau using high-resolution UV observations obtained with the HST's GHRS (Linsky & Wood 1994; Linsky et al. 1995; Wood et al. 1996; Dempsey et al. 1996b,c; Robinson et al. 1996) . The broad components in the transition region lines are interpreted by Linsky & Wood (1994) as arising from microflaring, because these broad profiles are reminiscent of the broad profiles observed in solar transition region explosive events, which are thought to be associated with emerging magnetic flux regions where field reconnection occurs.
The microflares are frequent, short-duration, energetically weak disturbances, i.e. they are the low-energy extension of flares, and therefore have large-scale motions associated that could explain the broad wings observed in these lines. The microflaring activity could occur not only in the transition region but also in the chromosphere of very active stars as indicates the detection of broad components in the chromospheric Mg ii h & k lines of V711 Tau (Wood et al. 1996) but not in the chromospheric lines of the less active star Capella (Linsky et al. 1995) .
Our detection of broad wings in the chromospheric Hα line of the most active systems of our sample allows us to conclude that microflaring occurs also in the chromosphere and that it is much more important in extremely active stars. Furthermore, within the group of stars that present this phenomenon a correlation between the contribution of the broad components and the degree of stellar activity seems to be present, as can be seen in Fig. 21 leftpanel where we have plotted for each star the EW of the broad component versus the total excess Hα EW. This correlation was also noted by Wood et al. (1996) when compared the dominant broad component of V711 Tau with the smaller broad component of the less active stars AU Mic and Capella.
On the other hand, when we plot the F W HM of the broad component versus the total Hα EW (Fig. 21 rightpanel) a general trend is not observed. However, in this case the relation appears for individual star, i.e. there is an increase in the FWHM when the activity level increases, which is consistent with the hypothesis that microflaring is responsible for the broad component emission.
We have also found that the larger changes in the excess Hα emission in the stars analyzed appear to occur predominantly in the broad component, as have been already noted in the case of DM UMa by Hatzes (1995) . An extreme case of this behaviour is the strong change in the broad component that occurs during the flares detected in UX Ari and II Peg (see Figs. 20 and 21) . Since large scale mass motions do occur in solar flares, a large flare in these two systems may explain the increase of the Hα emission and the very broad wings observed in these spectra.
The He i D 3 line
The He i D 3 λ5876 and He i λ10830 triplets are known to be activity indicators in the Sun and late type stars (Zirin 1988; Shcherbakov et al. 1996) . In the Sun, the He i D 3 line appears like an absorption feature cospatial with plages (Landman 1981) , and it almost disappears when we look at the solar disk. This feature is also seen in absorption in surges, eruptive prominences, and weaker flares, whereas in emission in more intense flares (Zirin 1988) .
The He i D 3 line is formed at middle chromosphere, and its correlation with X-ray flux and Ca ii H & K lines suggests that the fractional area of the stellar disk covered by plages may be a key factor in the formation of D 3 (Danks & Lambert 1985) . Moreover it has been observed a slight rotational modulation in κ Cet (Lambert & O'Brien 1983) and χ 1 Ori (Danks & Lambert 1985) . Table 4 . Parameters of the broad and narrow Gaussian components used in the fit of the Hα subtracted spectra of the stars analysed in this paper and in V711 Tau, V815 Her, HK Lac, DM UMa, and VV Mon from our previous observations (Montes et al. 1995a,b) Hα broad component Hα narrow component Historically, there have been basically two models to explain the line formation of He i D 3 : (i) Zirin (1975) suggested that He i triplet levels were populated by overphotoionisation of the He i atoms by EUV and X-ray radiation, and subsequent radiative recombinations and cascade. (ii) Wolff et al. (1985) argued that collisional excitation and ionization in the chromosphere contributed also to the He i D 3 formation, and not only the EUV and X-ray radiation from the corona. However, the most recent models (Andretta & Giampapa 1995; Lanzafame & Byrne 1995) seem to indicate that the primary mechanism in the formation of the He i triplets is the collisional excitation and ionization (followed by recombination cascade) by electron impact.
The He i D 3 line usually appears, in stars, in absorption, but sometimes is in emission. There are two possible reasons: (i) Temperature and/or electronic density conditions are higher than ordinary, like may occur in flares (Zirin 1988; Andretta & Giampapa 1995; Lanzafame & Byrne 1995) . (ii) As it has been seen in He i λ10830, depending on the position of the emitting region in the disk or off the limb, the He i D 3 line would appear in absorption or emission. Since the He i λ10830 is formed in emitting regions located at some distance from the stellar photosphere, when the emitting region is seen in projection against the stellar disk, He i λ10830 line appears in absorption, and when the emitting region is observed off the stellar limb, the line is in emission (Simon et al. 1982; Wolff & Heasley 1984) . These conclusions could extend to the case of He i D 3 , since it is produced at the same region that He i λ10830.
The He i D 3 line has been studied only in some chromospherically active binaries as II Peg (Huenemoerder & Ramsey 1987; Huenemoerder et al. 1990 ), DM UMa (Hatzes 1995) , ER Vul and GK Hya . The observation of emission in the He i D 3 line supports the detection of flare like events as in the case of II Peg (Huenemoerder & Ramsey 1987) and the weak-lined T Tauri star V410 Tau (Welty & Ramsey 1997) .
In our spectra the He i D 3 line has been found in emission only during the flares of UX Ari and II Peg. We wish to emphasize that the detection of He i D 3 in emission in the RS CVn systems seems to occur at orbital phases near to the quadrature. In our observations we have detected He i D 3 in emission at orbital phase 0.74 in UX Ari (Montes et al. 1996b ) and at 0.76 in II Peg. This line has been also observed in emission at orbital phases 0.22, 0.26, 0.77 in II Peg by Huenemoerder & Ramsey (1987) and Huenemoerder et al. (1990) . Probably we are observing a flare off the limb, i.e. when the plage regions are near the limb (the active regions are preferably in the opposite faces of the stars), which is the most favourable situation to see an off the limb flare. But we cannot distinguish whether the emission is only due to the existence of the flare, or it is favoured by the relative position on the star.
The application of the spectral subtraction to our sample reveals that the He i D 3 line appears as an absorption feature more frequently in giants than in dwarfs. Three out of five giants observed show clear absorptions (BD Cet, V1149 Ori and HK Lac) and two of them exhibit a possible absorption (AY Cet and XX Tri), while among IV and V luminosity class stars there are only two plain absorptions. Various authors seem to point out a more frequent presence of He i λ10830 and λ5876 triplets in giants and supergiants than in dwarfs (Simon et al. 1982; Zirin 1982; Wolff & Heasley 1984) . Zirin (1982) observed He i λ10830 usually in absorption, but sometimes it appears in emission, especially in giant and supergiants, with a P Cygni form, and he attributes it to a mass-ejection phenomenon (see also O'Brien & Lambert 1986 ). Simon et al. (1982) saw that none of the single red giants, in their sample, having strong λ10830 absorption or emission has prominent transition region emission lines or soft X-ray emission, and they proposed a scattering process-like responsible for the λ10830 line formation. Smith (1983) attributed a larger intensity in λ10830 line for giants and supergiants to the most efficient ionization by EUV and X-ray radiation in atmospheres of coronally active giants. Other authors say that λ10830 line is sometimes produced by the propagation of acoustic shock waves, or that He i λ10830 transition represents a wind diagnostic. Some of the above proposed mechanisms could also be applied to the He i D 3 line.
The Na i D 1 and D 2 lines
The Na i D 1 and D 2 lines are collisionally-controlled in the atmospheres of late-type stars and are formed in the lower chromosphere. So, the detection of filled -in absorption in the D 1 and D 2 lines may provide information about chromospheric emission. (see the recent models of these lines for M dwarfs stars by Andretta et al. 1997) .
In the Sun, Barrado et al. (1995) and Barrado (1996) have found changes in the EW of Na i lines in spectra taken at different regions over the solar surface, and a relation with the filled-in absorption Hα that might indicate that there is a non-radiative effect in the formation of these lines.
In other stars the D 1 and D 2 lines have been observed in emission or as a filled-in in very active red dwarf flare stars (Pettersen et al. 1984; Pettersen 1989) . However, no systematic study of these lines has been performed in stars with different levels of activity, and in chromospherically active binaries only the negative and uncertain detection of filled-in in the few active binaries ER Vul and GK Hya, respectively, has been reported in the recent studies of and .
The application of the spectral subtraction technique in these lines is more difficult that in the Hα line, because their wings are very sensitive to the effective temperature, mainly in latter spectral types. Therefore, small differences in spectral type, not appreciated in the Hα line, produce significant changes of the subtracted spectra in the wings of the Na i lines. Moreover, in this spectral region there is a large number of telluric lines, and in the spectra of some stars interstellar Na i could be present. However, the distances of the majority of the stars is lower than 50 pc and the effect of the interstellar Na i is negligible.
In spite of this problems, some conclusions can be drawn. In the chromospherically active binaries analysed here, the spectral subtraction reveals that the core of the Na i D 1 and D 2 lines are filled-in by chromospheric emission in the more active star of the sample (the star with Hα emission above the continuum, and with larger excess Hα emission EW ). The stars with only a small or without excess Hα emission as BD Cet, AY Cet, V1149 Ori and KT Peg do not exhibit excess emission in the Na i lines. Moreover, the excess D 1 and D 2 emissions obtained are larger in the systems with larger excess Hα emission, and also increase in the flares observed in UX Ari and II Peg. In short, we can conclude that the filled-in of the core of the Na i D 1 and D 2 lines could be used as a chromospheric activity indicator.
Conclusions
In this paper we have analysed, using the spectral subtraction technique, simultaneous Hα, Na i D 1 , D 2 , and He i D 3 spectroscopic observations of 18 chromospherically active binary systems.
We have found excess Hα in all the systems, except KT Peg which have also small emission in the Ca ii H & K lines. The subtracted Hα profile of the more active stars of the sample (Hα in emission above the continuum) has very broad wings, and is well matched using a two-components Gaussian fit (narrow and broad). The broad component is primarily responsible for the observed variations of the profile, and its contribution to the total EW increases with the degree of activity. So, we have interpreted this broad component emission as arising from microflaring activity that take place in the chromosphere of these very active stars.
The Hα observation of the eclipsing binary system AR Lac at orbital phase 0.939, when a 0.33 fraction of the hot component is hidden by the cool component, allowed us to detect the presence of prominence-like extended material seen off the limb of the cool component through the detection of excess Hα absorption located at the wavelength position corresponding to the hot component. A small excess absorption in the He i D 3 line is also present at this orbital phase.
We reported the detection of an optical flare in the systems UX Ari and II Peg through the presence of the He i D 3 in emission in coincidence with the enhancement of the Hα emission.
We have found the He i D 3 in emission only in the two above mentioned flares, and as an absorption feature in the subtracted spectra of a large number of giant stars of the sample.
The application of the spectral subtraction technique reveals that the core of the Na i D 1 and D 2 lines are also filled-in by chromospheric emission in the more active star of the sample. The stars with only a small excess Hα emission do not exhibit excess emission in the Na i lines.
